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BURIED BIT LINE NON-VOLATILE FLOATING GATE MEMORY CELL WITH 
INDEPENDENT CONTROLLABLE CONTROL GATE IN A TRENCH, AND ARRAY 
THEREOF, AND METHOD OF FORMATION 



[0001] The application is a continuation in part of a pending application filed on April 7, 
2003, serial number 10/409,407, whose disclosure is incorporated herein in its entirety. 

TECHNICAL FIELD 

[0002] The present invention relates to a buried bit line read/program non-volatile memory cell, 
that uses a floating gate for storage of charges with the floating gate in a trench. More 
particularly, the present invention relates to such non-volatile memory cell that has an 
independent controllable control gate also in the trench capacitively coupled to the floating gate 
and an array of such cells, and a method of manufacturing. 

BACKGROUND OF THE INVENTION 

[0003] Read/program non-volatile memory cells using floating gate for storage formed on a 
planar surface of a semiconductor substrate are well known in the art. See for example, U.S. 
Patent 5,029,130 and 6,426,896. Typically, each of these types of memory cells is formed on the 
horizontal plane of a semiconductor substrate, and involve the programming of the floating gate 
by hot electron injection and the erasure of electrons from the floating gate by poly-to-poly 
Fowler-Nordheim tunneling. The floating gate either stores charges or does not. The charges 
stored on a floating gate control the conduction of charges in the planar channel of a transistor. 
As the scale of integration increases with semiconductor processing, it becomes desirable to 
increase the density of such memory devices. 

[0004] However, as demand for increased density memory increases, there is a need to increase 
the density of such cells in a semiconductor substrate. 
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SUMMARY OF THE INVENTION 
[0005] In the present invention, a non-volatile memory cell is made in a substantially single 
crystalline semiconductive material of a first conductivity type which has a substantially planar 
surface with a trench in the surface of the material. The trench has a sidewall and a bottom wall. 
A first region of a second conductivity type, different from the first conductivity type is in the 
material along the planar surface. A second region of the second conductivity type is in the 
material along the bottom wall of the trench. A channel region has a first portion and a second 
portion, connecting the first region and the second region for the conduction of charges. The 
first portion is along the surface adjacent to the first region, and the second portion is along the 
sidewall adjacent to the second region. A dielectric is on the channel region. A floating gate is 
in the trench, on the dielectric, spaced apart from the second portion of the channel region. A 
first gate electrode is on the dielectric, spaced apart from the first portion of the channel region. 
A second gate electrode is in the trench, capacitively coupled to the floating gate. 

[0006] The present invention also relates to an array of the foregoing described non- volatile 
memory cells, and a method of making the non-volatile memory cell and the array. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] FIG. 1 A is a top view of a semiconductor substrate used in the first step of the method of 
present invention to form isolation regions. 

[0008] FIG. IB is a cross sectional view of the structure taken along the line IB- IB showing the 
initial processing steps of the present invention. 

[0009] FIG. IC is a top view of the structure showing the next step in the processing of the 
structure of Fig. IB, in which isolation regions are defined. 

[0010] FIG. ID is a cross sectional view of the structure in Fig, IC taken along the line ID-ID 
showing the isolation trenches formed in the structure. 

[0011] FIG. IE is a cross sectional view of the structure in Fig. ID showing the formation of 
isolation blocks of material in the isolation trenches. 
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[0012] FIG. IF is a cross sectional view of the structure in Fig. IE showing the final structure of 
the isolation regions. 

[0013] FIGs. 2A-2R are cross sectional views of the semiconductor structure in Fig. IF taken 
along the line 2A-2A showing in sequence the steps in the processing of the semiconductor 
structure in the formation of a non-volatile memory array of floating gate memory cells of the 
present invention. 

[0014] Fig. 3 is a schematic circuit diagram of the memory cell array of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0015] The method of the present invention is illustrated in Figs. 1 A to IF and 2 A to 2R, which 
show the processing steps in making the memory cell array of the present invention. The method 
begins with a semiconductor substrate 10, which is preferably of? type and is well known in the 
art. The thickness of the layers described below will depend upon the design rules and the 
process technology generation. What is described herein is for the 0. 10 micron process. 
However, it will be understood by those skilled in the art that the present invention is not limited 
to any specific process technology generation, nor to any specific value in any of the process 
parameters described hereinafter. 

Isolation Region Formation 

[0016] Figures 1 A to IF illustrate the well known STI method of forming isolation regions on a 
substrate. Referring to Fig. lA there is shown a top plan view of a semiconductor substrate 10 
(or a semiconductor well), which is preferably of P type and is well known in the art. First and 
second layers of material 12 and 14 are formed (e.g. grown or deposited) on the substrate. For 
example, first layer 12 can be silicon dioxide (hereinafter "oxide"), which is formed on the 
substrate 10 by any well known technique such as oxidation or oxide deposition (e.g. chemical 
vapor deposition or CVD) to a thickness of approximately 60-150 angstroms. Second layer 14 
can be silicon nitride (hereinafter "nitride"), which is formed over oxide layer 12 preferably by 
CVD to a thickness of approximately 1000-2000 angstroms. Fig. IB illustrates a cross-section 
of the resulting structure. 
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[0017] Once the first and second layers 12/14 have been formed, suitable photo resist material 
16 is applied on the nitride layer 14 and a masking step is performed to selectively remove the 
photo resist material from certain regions (stripes 18) that extend in the Y or column direction, as 
shown in Fig. IC. Where the photo-resist material 16 is removed, the exposed nitride layer 14 
and oxide layer 12 are etched away in stripes 18 using standard etching techniques (i.e. 
anisotropic nitride and oxide etch processes) to form trenches 20 in the structure. The distance 
W between adjacent stripes 18 can be as small as the smallest lithographic feature of the process 
used. A silicon etch process is then used to extend trenches 20 down into the silicon substrate 10 
to a depth of approximately 500-4000 angstroms, as shown in Fig. ID. Where the photo resist 
16 is not removed, the nitride layer 14 and oxide layer 12 are maintained. The resulting structure 
illustrated in Fig. ID now defines active regions 22 interlaced with isolation regions 24. 

[0018] The structure is fiirther processed to remove the remaining photo resist 16. Then, an 
isolation material such as silicon dioxide is formed in first trenches 20 by depositing a thick 
oxide layer, followed by a Chemical-Mechanical-Polishing or CMP etch (using nitride layer 14 
as an etch stop) to remove the oxide layer except for oxide blocks 26 in first trenches 20, as 
shown in Fig. IE. The remaining nitride and oxide layers 14/12 are then removed using 
nitride/oxide etch processes, leaving STI oxide blocks 26 extending along isolation regions 24, 
as shown in Fig. IF. 

[0019] The STI isolation method described above is the preferred method of forming isolation 
regions 24. However, the well known LOCOS isolation method (e.g. recessed LOCOS, poly 
buffered LOCOS, etc.) could alternately be used, where the trenches 20 may not extend into the 
substrate, and isolation material may be formed on the substrate surface in stripe regions 18. 
Figures 1 A to IF illustrate the memory cell array region of the substrate, in which columns of 
memory cells will be formed in the active regions 22 which are separated by the isolation regions 
24. It should be noted that the substrate 10 also includes at least one periphery region in which 
control circuitry is formed that will be used to operate the memory cells formed in the memory 
cell array region. Preferably, isolation blocks 26 are also formed in the periphery region during 
the same STI or LOCOS process described above. 
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Memory Cell Formation 

[0020] The structure shown in Fig. IF is further processed as follows. Figures 2 A to 2Q show 
the cross sections of the structure in the active regions 22 from a view orthogonal to that of Fig. 
IF (along line 2A-2A as shown in Figs. IC and IF). 

[0021] An insulation layer 30 (preferably oxide) is first formed over the substrate 10, as shown 
in Fig. 2 A. The active region 22 portion of the substrate 10 can be doped at this time for better 
independent control of the cell array portion of the memory device relative to the periphery 
region. Such doping is often referred to as a Vt implant or cell well implant, and is well known 
in the art. During this implant, the periphery region is protected by a photo resist layer, which is 
deposited over the entire structure and removed from just the memory cell array region of the 
substrate. 

[0022] Next, a thick layer of hard mask material 32 such as nitride is formed over oxide layer 30 
(e.g. -3500 A thick). A plurality of parallel second trenches 34 are formed in the nitride layer 32 
by applying a photo resist (masking) material on the nitride layer 32, and then performing a 
masking step to remove the photo resist material from selected parallel stripe regions. An 
anisotropic nitride etch is used to remove the exposed portions of nitride layer 32 in the stripe 
regions, leaving second trenches 34 that extend down to and expose oxide layer 30. After the 
photo resist is removed, an anisotropic oxide etch is used to remove the exposed portions of 
oxide layer 30 and extend second trenches 34 down to the substrate 10. A silicon anisotropic 
etch process is then used to extend second trenches 34 down into the substrate 10 in each of the 
active regions 22 (for example, down to a depth of approximately one feature size deep, e.g. 
about 0.15 um deep with 0.15 um technology). Altemately, the photo resist can be removed after 
trenches 34 are formed into the substrate 10. The resulting active region 22 is shown in Fig. 2B. 

[0023] A layer of insulation material 36 is next formed (preferably using a thermal oxidation 
process) along the exposed silicon in second trenches 34 that forms the bottom and lower 
sidewalls of the second trenches 34 (e.g. -70A to 120 A thick). A thick layer of polysilicon 38 
(hereinafter "poly") is then formed over the structure, which fills second trenches 34. Poly layer 
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38 can be doped (e.g. n+) by ion implant, or by an in-situ process. The resulting active region 22 
is shown in Fig. 2C. 

[0024] A poly etch process (e.g. a CMP process using nitride layer 32 as an etch stop) is used to 
remove poly layer 38 except for blocks 40 of the polysilicon 38 left remaining in second trenches 
34. A controlled poly etch is then used to lower the height of poly blocks 40, where the tops of 
poly blocks 40 are disposed above the surface of the substrate, but below the tops of STI blocks 
26 in the isolation regions 24, as shown in Fig. 2D. 

[0025] Another poly etch is then performed to create sloped portions 42 on the tops of poly 
blocks 40 (adjacent the second trench sidewalls). Nitride spacers 44 are then formed along the 
second trench sidewalls and over the sloped portions 42 of poly blocks 40. Formation of spacers 
is well known in the art, and involves the deposition of a material over the contour of a structure, 
followed by an anisotropic etch process, whereby the material is removed from horizontal 
surfaces of the structure, while the material remains largely intact on vertically oriented surfaces 
of the structure. Spacers 44 can be formed of any dielectric material, such as oxide, nitride, etc. 
In the present embodiment, insulating spacers 44 are formed by depositing a layer of nitride over 
the entire structure, followed by an anisotropic nitride etch process, such as the well known 
Reactive Ion Etch (RIE), to remove the deposited nitride layer except for spacers 44. The 
resulting active region 22 is shown in Fig. 2E. It should be noted that the formation of nitride 
spacers 44 is optional, as the spacers 44 are used to enhance the sharpness of the tips formed by 
the sloped portions 42 of poly blocks 40. Thus, Figs. 2F-2R show the remaining processing 
steps without the optional nitride spacers 44. 

[0026] A thermal oxidation process is then performed, which oxidizes the exposed top surfaces 
of the poly blocks 40 (forming oxide layer 46 thereon), as shown in Fig. 2F. Oxide spacers 48 
(shown in Fig. 2G) are then formed along the sidewalls of the second trenches 34 by depositing 
oxide over the structure (e.g. approximately 350 A thickness) followed by an anisotropic oxide 
etch. The oxide etch also removes the center portion of oxide layer 46 in each of the second 
trenches 34. The resulting active region 22 is shown in Fig. 2G. 
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[0027] An anisotropic poly etch is next performed, which removes the center portions of the 
poly blocks 40 that are not protected by oxide spacers 48, leaving a pair of opposing poly blocks 
40 in each of the second trenches 34, as shown in Fig. 2H. An insulation deposition and 
anisotropic etch-back process is then used to form an insulation layer 50 along the exposed sides 
of poly blocks 40a inside second trenches 34 (shown in Fig. 21). The insulation material could 
be any insulation material (e.g. ONO~oxide/nitride/oxide, or other high dielectric materials). 
Preferably, the insulation material is oxide, so that the oxide deposition/etch process also 
thickens the oxide spacers 48 and results in the removal of the exposed portions of oxide layer 36 
at the bottom of each second trench 34 to expose the substrate 10, as shown in Fig, 2 J. In 
addition, when the oxide layer 36 at the bottom of each trench 34 is removed, the process also 
removes the oxide in the STI between adjacent columns of active regions 22 in the trench 34. 

[0028] Suitable ion implantation (and possible anneal) is then made across the surface of the 
structure to form first (source) regions 52 in the exposed substrate portions at the bottom of 
second trenches 34. The source regions 52 are self-aligned to the second trenches 34 and form a 
continuous row that is substantially perpendicular to the column of the active regions 22, and 
have a second conductivity type (e.g. N type) that is different from a first conductivity type of 
the substrate (e.g. P type). The ions have no significant effect on the nitride layer 32. The 
resulting active region 22 is shown in Fig. 2K. 

[0029] An oxidation deposition step follows and fills the bottom of each trench 34 with a layer 
of oxide 35 of approximately at least 100 angstroms, and no thicker than the height of the to-be- 
formed-floating gate-poly block 40 so that capacitive coupling between the to-be-deposited-and 
formed control gate 54 and the poly block 40 can occur. This is then followed by a poly 
deposition step, followed by a poly CMP etch (using the nitride layer 32 as an etch stop) are used 
to fill second trenches 34 with poly blocks 54, as shown in Fig. 2L. Thus, the poly 54 fills each 
trench 34 in a continuous row. A nitride etch follows, which removes nitride layer 32, and 
exposes upper edges of the poly blocks 40. A tunnel oxide layer 56 is next formed on the 
exposed upper edges of poly blocks 40, either by thermal oxidation, oxide deposition, or both. 
This oxide formation step also forms an oxide layer 58 on the exposed top surfaces of poly 
blocks 54, as well as possibly thickening oxide layer 30 over substrate 10. Optional Vt 
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implantation in the periphery region can be performed at this time by masking off the active 
regions 22. The resulting active region 22 is shown in Fig. 2M and 2N. 

[0030] Nitride spacers 70 are then formed adjacent to the structure shown in Figure 2N. This 
can be accomplished by depositing silicon nitride 70 over the entire surface and then 
anisotropically etching the nitride forming the spacers 70. The resultant structure is shown in 
Figure 20. 

[0031] Implant across the entire structure occurs. Specifically, in the regions between the nitride 
spacers 70 are formed the drain regions 72. The implant energy is sufficient t o extend below the 
isolation oxide. Thus, the drain regions 72 are continuous across the row direction. The 
resultant structure is shown in Figure 2P. 

[0032] The nitride spacers 70 are removed and the resultant structure is shown in Figure 2Q. 

[0033] Finally, a poly deposition step is used to form a poly layer 62 over the structure (e.g. 
approximately 500 A thick). Photo resist deposition and masking steps follow to form strips of 
poly layer 62 that are spaced apart from one another each over an active region 22. The resuhing 
active region 22 is shown in Fig. 2R. Each poly layer 62 functions as a word line for the 
memory array. 

[0034] As shown in Fig. 2R, the process of the present invention forms an array of memory 
cells, with each memory cell 15 being between a source regions 52 and a drain region 72 (those 
skilled in the art would appreciated that the term source and drain may be interchanged during 
operation.) A non-planar channel region connects the source/drain regions 52/72. with the 
channel region having two portions: a first portion and a second. The first portion of the channel 
region is along one of the sidewall of one of the trenches 34, and is adjacent to the first source 
region 52a. The second portion of the channel region is along the planar surface of the substrate 
10 and is between the trench 34 and the drain region 72. A dielectric layer is over the channel 
region. Over the first portion of the channel region, the dielectric is the layer 36a. Over the 
second portion of the channel, the dielectric is the layer 30. A floating gate 40a is on the layer 
36a, and is over the first portion of the channel region, which is adjacent to the first source region 

Gray Cary\EM\7 159796.1 

2102397-992471 8 



Attorney Docket No.: 2102397-992470 

52a. A gate electrode 62, formed by the poly layer 62, is over the dielectric layer 30 and is over 
the second portion of the channel region . A control gate 54 is insulated from the source region 
52, and is capacitively coupled to the floating gate 40a. Each of the floating gates 40 is 
substantially perpendicular to the gate electrode 62 and to the surface of the substrate 10. 
Finally, each source region, e.g. source region 52a, and its associated control gate, e.g. control 
gate 54a is shared with an adjacent memory cell 15 in the same active region 22, to one side, 
while the drain region 72 is shared with an adjacent memory cell 15 to another side. 

[0035] All the floating gates 40are disposed in trenches 34, with each floating gate 40 facing and 
insulated from a portion of the channel region. Further, each floating gate 40 includes an upper 
portion that extends above the substrate surface and terminates in an edge that faces and is 
insulated from one of the gate electrodes 62, thus providing a path for Fowler-Nordheim 
tunneling through oxide layer 56. Each control gate 54 extends along and are insulated (by oxide 
layer 50) from floating gates 44, for enhanced voltage coupling therebetween. 

[0036] With respect to the plurality of memory cells 15 that form an array, the 
interconnection is as follows. For memory cells 15 that are in the same column, i.e. in the same 
active region 22, the word line 62 that forms the gate electrode for each memory cell 15 is 
extended in the Y direction to each of the memory cells 15. For memory cells 15 that are in the 
same row, i.e. across the active regions 22 and the STI 26, the source lines 52 and the associated 
control gates 54 extend continuously in the X direction to each of those memory cells 15. In 
addition, the drain lines 72 are extended continuously in the X direction to each of the memory 
cells 15. Finally, as can be seen from the foregoing, memory cells 15 in adjacent rows, share the 
same source region 52 and the same associated control gate 54 to one side, and share the same 
drain regions 72 to another side. Each of the memory cells 15 has four independently 
controllable terminals: word line 62, control gate 54 and drain/source regions 72/52. 

[0037] As will be appreciated by those skilled in the art, lines 52a, 52b, 52c etc, are buried 
diffusion lines, and contacts must be made to those lines outside of the array of memory cells. 
One approach is to use a poly block 54, similar to the control gate 54, however, with the poly 
block 54 electrically contacting the buried diffusion lines 52a, 52b, 52c etc. outside of the array. 
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Further, the poly block 54 which contacts the buried diffusion lines 52a, 52b, 52c, etc. outside of 
the array, must not be in electrical contact with the independent control gate 54 that is in the 
array. Further the lines 72a, 72b, 72c are also buried diffusion lines, and contacts must also be 
provided to these lines. Thus the array of memory cells 1 5 is a virtual ground array. 

Memory Cell Operation 

[0038] The operation of the memory cell 15 shown in Fig. 2R will now be described. 
Erase 

[0039] There are two methods for erasing a memory cell 15. First memory cell 15 can be erased 
by applying 0 volts to the drain 72, and 0 volts to the source region 52. Since the same voltage is 
applied to both source/drain regions 52/72, no charges will conduct in the channel region. A 
negative voltage on the order of -8 to -15 volts is applied to the control gate 54. Finally a small 
positive voltage, on the order of +2 to +4 volts is applied to the word line 62. Because the 
control gate 54 is highly capacitively coupled to the floating gate 40, the floating gates 40 will 
experience a high negative voUage. This causes a large voltage differential between the floating 
gate 40 and the word line 62. Any electrons stored on the floating gate 40 are repelled by the 
control gate 54 and are pulled by the positive voltage applied to the word line 62, and through 
the mechanism of Fowler-Nordheim tunneling, the electrons are removed from the floating gate 
40, and tunnel through the tunneling oxide 56 onto the word line 62. This mechanism of poly-to- 
poly tunneling for erase is set forth in U.S. Patent 5,029,130, whose disclosure is incorporated 
herein in its entirety by reference. 

[0040] A second method of erasing a memory cell 15 is to apply 0 volts to the drain 72, and a 
small positive voltage of +2 to +5 volts to the source region 52. A negative voltage on the order 
of -8 to -15 volts is applied to the control gate 54. Finally a zero or small negative voltage, on 
the order of 0 to -2 volts is applied to the word line 62. Because the word line 62 is not supplied 
with a positive voltage, the channel region is not turned on. Further, because the control gate is 
54 is highly capacitively coupled to the floating gate 40, the floating gates 40 will experience a 
negative low voltage. This causes a large voltage differential between the floating gate 40 and 
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the source region 52. Any electrons stored on the floating gate 40 are repelled by the control 
gate 54 and are pulled by the positive voltage applied to the source region 52, and through the 
mechanism of Fowler-Nordheim tunneling, the electrons are removed from the floating gate 40, 
and tunnel through the oxide 35 onto the source region 52. 



Programming 

[0041] Programming of the memory cell 15 can occur as follows. The source region 52 is held 
at a positive voltage of between +3 to +5 volts. The control gate 54 is held at a positive voltage 
of between +8 to +10 volts. The word line 62 is held at a positive voltage of 1-3 volts. The 
drain region 72 is held at ground. Because the control gate 54 is strongly capacitively coupled to 
the floating gate 40, the positive voltage of +8 to +10 volts on the control gate 54 causes the 
floating gate 40 to experience a high positive potential, which is sufficient to turn on the first 
portion of the channel region. The positive voltage of 1-3 volts on the word line 62 is sufficient 
to turn on the second portion of the channel region. Thus, electrons will traverse in the channel 
region from the drain region 72 to the source region 52. However, at the junction in the channel 
region where the channel region takes substantially a 90 degree turn in the direction from the 
planar surface to the trench 34, the electrons will experience a sudden increase in voltage, caused 
by the positive high voltage of the floating gate 40. This causes the electrons to be hot chaimel 
injected onto the floating gate 40. This mechanism of hot channel electron injection for 
programming is set forth in U.S. Patent 5,029,130, whose disclosure is incorporated herein in its 
entirety by reference. 

Read 

[0042] Reading of the memory cell 15 can occur as follows. The source region 52 is held at a 
ground voltage. The control gate 54 is held at a positive voltage of Vdd. The word line 62 is 
held at a positive voltage of Vdd, which is normally sufficient to turn on the second portion of 
the channel region. The drain region 52 is held at a small positive voltage such as +1.0 volts. 
The positive voltage of Vdd on the control gate 54 is sufficient to tum on the first portion of the 
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channel region if the floating gate 40 is not programmed. In that event, electrons will traverse in 
the channel region from the source region 52 to the drain region 72. However, if the floating 
gate 40 is programmed, then the positive voltage of Vdd on the control gate 54 is not sufficient 
to turn on the first portion of the channel region. In that event, the channel remains non- 
conductive. Thus, the amount of current or the presence/absence of current sensed at the drain 
region 72 determines the state of programming of the floating gate 40. 

Memory Cell Array Operation 

[0043] The operation of an array of memory cells 15 will now be described. Schematically, an 
array of memory cells is shown in Fig. 3. As shown in Fig. 3, an array of memory cells 15 
comprises a plurality of memory cells arranged in a plurality of columns: 15a(l-3) and 15b(l-3), 
and in rows: 15(a-b)l, 15(a-b)2 and 15(a-b)3. The word line 62 connected to a memory cell 15 
is also connected to other memory cells 15 in the same column. The source regions 52 and the 
control gates 54 connect to the cells 15 in the same row and is shared by memory cells 15 to 
either side. The drain regions 72 connect to the cells in the same row and is shared by memory 
cells to either side. A memory cell 15 in one row has a common drain region 72 with a memory 
cell 15 to one side, and has a common source region 52 and control gate 72 with a memory cell 
to another side. 

Erase 

[0044] In the erase operation, as previously discussed there are two possible modes of operation. 
In the first mode, individual memory cells 15 can be erased. The voltage supplied to the various 
lines are as follows. For the drain region 72 to the selected memory cell 15, ground voltage is 
supplied. For the drain region 72 to the unselected memory cell 15, ground voltage is also 
supplied. For the source region 52 to the selected memory cell 15, ground voltage is supplied. 
For the source region 52 to the unselected memory cell 15, ground voltage is also supplied. For 
the word line 62 to the selected memory cell 15 a positive voltage of approximately +2 to +4 
volts is supplied. For the word line 62 to the unselected memory cells 15, ground voltage is 
supplied. Finally, for the control gate 54 to the selected memory cell 15, a high negative voltage, 
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on the order of -8 to -15 volts is supplied. For the control gate 54 to the unselected memory cells 
15, ground voltage is supplied. 

[0045] As previously discussed, for the selected memory cell 15, the high capacitance of the 
control gate 54 to the floating gate 40 causes the floating gate 40 to experience a high negative 
voltage. The positive voltage on the adjacent word line 62 causes the electrons to be attracted 
thereto and through the mechanism of Fowler-Nordheim tunneling, electrons are removed from 
the floating gate 54. For the unselected memory cells 15 in the same column, although the small 
positive voltage of +2 to +4 volts is applied to the word line 62, because the control gate 54 of 
the unselected memory cells 15 are held at ground, the electrons on the floating gate 40 of the 
unselected memory cells 15 in the same column will not be attracted to the word line 62. As for 
the unselected memory cells 15 in the same row, although the control gate 54 has a high negative 
voltage supplied thereto, the corresponding word line 62 is held at ground. Thus, there is no 
positive voltage to attract the electrons from the floating gate 40 of the unselected memory cells 
15. In this mode, erase is bit-selectable. 

[0046] in the second mode of erasure, the various voltage applied are as follows. For the drain 
region 72 to the selected memory cell 15, ground voltage is supplied. For the drain region 72 to 
the unselected memory cell 15, ground voltage is also supplied. For the source region 52 to the 
selected memory cell 15, a small positive voltage of +2 to +5 volts is supplied. For the source 
region 52 to the unselected memory cell 15, ground voltage is supplied. For the word line 62 to 
the selected memory cell 15 a ground to small negative voltage of approximately 0 to -2 volts is 
supplied. For the word line 62 to the unselected memory cells 15, a ground to small negative 
voltage of approximately 0 to -2 volts is supplied. Finally, for the control gate 54 to the selected 
memory cell 15, a high negative voltage, on the order of -8 to -15 volts is supplied. For the 
control gate 54 to the unselected memory cells 15, ground voltage is supplied. 

[0047] . In this mode of operation all of the memory cells 15 in the same row are erased at the 
same time. Thus, in this mode, erase is row selectable. For the memory cell 15 in the selected 
row, the high capacitance of the control gate 54 to the floating gate 40 causes the floating gate 40 
to experience a high negative voltage. The positive voltage on the adjacent source region 52 
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causes the electrons to be attracted thereto and through the mechanism of Fowler-Nordheim 
tunneling, electrons are removed from the floating gate 54. For the memory cells 15 in the 
unselected rows, the control gate 54 is held at ground. Finally, the ground to negative voltage 
supplied to all of the word lines 62 ensures that the channel regions of all the memory cells 15 
will not be turned on. 

Program 

[0048] Let us assume that the floating gate 40 of the memory cell 15b2 is to be programmed. 
Then based upon the foregoing discussion, the voltages applied to the various lines are as 
follows: line 72b is at ground while all other drain regions 72a are at Vdd; line 52a is at +3 to +5 
volts while all other source lines 52b are at ground; line 62b is at +1 to +3 volts while all other 
word line 62a are at ground to -2 volts; line 54a is at +8 to +10 volts while all other lines 54b are 
at ground. The "disturbance" on the unselected memory cells 15 is as follows: 

[0049] For the memory cells 15 in the unselected column, the application of 0 volts to -2 volts to 
the word lines 62a means that none of the channel regions for those memory cells 15a(l-n) and 
15c(l-n) are tumed on, because the second portion of the channel region (the portion to which 
the word line 62a controls) is not tumed on. Thus, there is no disturbance. For the memory cell 
15bl which is in the same selected column, but in an unselected row to the side having the 
source region 52 and control gate 54 in common with the selected memory cell 15, the 
application of Vdd to line 72a means that little or no current will conduct in the memory cell 
15bl. Finally for the memory cell 15b3 which is in the same selected column, but in an 
unselected row to the side having the drain region 72 in common with the selected memory cell 
15, the application of ground to line 54b and 52b means that little or no current will conduct in 
the memory cell 15b3. 

Read 

[0050] Let us assume that the floating gate 40 of the memory cell 15b2 is to be read. Then based 
upon the foregoing discussion, the voltages applied to the various lines are as follows: The drain 
region line 72b is held at a positive voltage of about +1 volt, while the unselected drain lines 72a 
are held at ground. The control gate line 54a is held at a positive voltage of Vdd, while the 
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unselected control gates 54b are held at ground. The selected word line 62b is held at a positive 
voltage of Vdd, while the unselected word lines 62a are held at ground. Finally, the selected 
source line 52a is held at ground, while the unselected source lines 52b, immediately adjacent to 
the selected drain line 72b is held at 1 volt, while the unselected source line 52 immediately 
adjacent to the unselected drain line 72a is held at ground. Thus all of the memory cells 15 to 
one side of the selected memory cell 15 would have the same voltages applied to the source 52 
and drain 72, while all of the memory cells to another side would similarly have the same 
voltages applied to the source 52 and drain 72. The "disturbance" on the unselected memory 
cells 15 is as follows: 

[0051] For the memory cells 15 in the unselected columns, the application of 0 volts to word line 
62 means that none of the channel regions for those memory cells 15 is turned on. Thus, there is 
no disturbance. For the memory cells 15bl and 15b3 that are in the same selected column, but 
are unselected rows, the application of the same voltage to the source/drain 52/72 of those 
memory cells means that the channle region will also not be turned on. Thus, little or no 
disturbance to memory cell 15b2 would occur. 

[0052] From the foregoing it can be seen that a novel, high density non-volatile memory cell, 
array and method of manufacturing is disclosed. It should be appreciated that although the 
preferred embodiment has been described in which a single bit is stored in each of the floating 
gate in a memory cell, it is also within the spirit of the present invention to store multi-bits on the 
floating gate in a single memory cell, thereby increasing further the density of storage. 
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